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The protective nature of the human epidermis
is made possible by the layered structure formed
at the topmost levels of the epidermis. This
structure is the end product of the metabolic
activity of epidermal cells. The major component
of this layered structure is protein (1) which,
after synthesis, is thought to aggregate into
fibrous units commonly referred to as "keratin".
The proteins synthesized in the cells of the
epidermis, whether synthesized at one level or
at all levels of the epidermis, are not considered
to be in dynamic equilibrium. The proteins once
synthesized are considered to be rapidly as-
sembled into fibrillar aggregates which are part
of the final desquamation product of the epi-
dermis. Radioautographic studies (2, 3) and
histologi interpretation indicate that new cells
formed by mitotie division at the base of the
epidermis push the older cells up the epidermis
in a continuous firm packed cell path. Direct
technics for isolating the separate cell layers are
at present unavailable.
A possible approach for studying protein
synthesis in the epidermis is to examine the
keratinous proteins and from this examination
obtain information which may relate the sites of
protein synthesis and the formation of fibrous
units from these proteins. These events are part
of the biological process of keratinization, in
which at present scant information exists as to
the interrelationship of protein synthesis and
maturation of the epidermal cells.
Rudall (4), finding different proteins in longi-
tudinal sections of cow snout epithelium, sug-
gested that different proteins were synthesized at
different layers of this tissue. Implications drawn
from this work, however, must take into con-
sideration that the epithelium obtained from cow
snout is more mucosal in nature than it is epi-
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dermal, and that the proteins synthesized by
mucosal and epidermal cells respectively, may be
different.
The use of radioactive isotopes allows some
definitive study of protein synthesis in epidermal
tissue. The proteins of the human epidermis,
labelled by the single administration of a radio-
active amino acid, can be obtained from shed or
scraped stratum corneum. By using this technic
for obtaining the radioactive protein, the epi-
dermal reduplication was studied in normal and
psoriatic epidermis (5). In the normal epidermis
28 days were required before the radioactive label
was maximally incorporated into the proteins at
the topmost layers of the stratum corneum,
whereas in the proteins of the psoriatic scale
maximal incorporation required only 3—4 days.
Electron microscopic (6, 7, 8, 9) and light
microscopic studies, to be discussed in more
detail later, indicate that events during keratini-
zation reflect continuous changes occurring as the
cells ascend the epidermis. The fibrillar aggre-
gation that occurs during these keratinization
events may possibly involve structurally comple-
mentary proteins synthesized at different levels
of the epidermis.
The labelling of the proteins of the epidermis
by a single administration of glyeine 1-C'4 should
result in different levels of protein specific radio-
activities when the proteins collected are synthe-
sized at different cell layers of the epidermis, or if
the cellular amino acid pools are unequal, or the
kinetics of synthesis are different.
To assure adequate amounts of stratum
eoraeum with measurable radioactivity, psoriatie
scales were used as the source of stratum eorneum.
Although suggestions are present in the literature
that protein metabolism is abnormal (10, 11) in
psoriasis, no evidence exists that any of the
epidermal proteins found in psoriasis scale are
abnormal. The major alterations in the psoriatie
epidermis probably result from the faster epi-
dermal turnover time in psoriasis which is
approximately 8 x normal (5). Therefore, the
total time permitted for fibril formation after the
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FIG. 1. Procedure for obtaining protein fractions from psoriatic scale
synthesis of epidermal proteins along with other
biochemical events of keratinization is shortened.
As suggested by previous studies on the peptide
composition of normal and psoriatic stratum
corneum (12), in the present study the major
proteins isolated from the psoriatic scale are con-
sidered as having their counterpart in normal
epidermis.
EXPERIMENTAL
Tissue Collection and Preparation
Scales of psoriasis were collected from (the bed
linens of) three psoriatic patients daily for twelve
days following administration of lO-microcuries
of glycine 1-C'4. The patients were maintained
during the study on a 2600 calorie, purine free, 70
gram protein diet. Therapy for the psoriasis con-
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Psoriasis Scale, delatted, 60 mesh. 500 mg. suspended in 20 ml.
0.1 M phosphate buffer, pH 7.3. Placed inside dialysis sac.
Dialyzed at 0°C. against 200 ml of buffer with magnetic stiring.
Suffer changed at 3, 19, and 2,2 hours.
Sac ContentsDialyzecfliaterial
(amino acids, peptides, etc.)
Dialyses against H 0. Suspended in 40 ml.
0.05 M NaOH. (0.8 l. per 10 mg. orig weight)
Shaken for 20 hours at 380 under nitrogen gas.
IOOd RPM
Fraction A Residue A
Black residue Fraction A'
Dialyse against H20 to
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FIG. 2. High voltage electrophoresis of protein hydrolysate (2500 volts, 1 hour, 35_400, in 3% (v/sr)
formic acid, pH 2.6).
sisted of topical applications of an ointment made
of equal parts of Aquaphor® and water. During
this period the use of soap and water on the skin
was prohibited.
The tissue was processed with some modification
of the procedures previously described (5). The
dry psoriatic scales were lipid extracted with ether
and ground in a Wiley mill to 60 mesh particle size.
shown in Figure 1 in order to obtain the 'solu-
bilized proteins'. These proteins, after alkali solu-
bilization, are precipitated at their isoelectric
points. The total solubilized material after sepa-
ration from the residue is called fraction A, with
each fraction obtained on precipitation named
according to the pH of its precipitation (e.g. 5.5,
5.0, 4.5). The sac supernatant proteins were sepa-
4• ft
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moved in vecuo and the residue, after washing
once with water, was dried in vacno. The hydroly-
sate was taken up in a minimum volume of water
and streaked on two sheets of Whatman ,3
paper, 223/2" by 16". Appropriate amino acid
markers were also spotted on the papers to permit
clear identification of glycine. The papers were
saturated with 3% (v/v) formic acid and run for
one hour at 2500 volts, in a conducting solution of
3% formic acid, pH 2.6; the non-conducting cool-
ant was Varsol ®, maintained at 35° to 40°. Seven
per cent formic acid used in the latter part of this
work was equally as effective. The paper was dried
in a chromatographic oven at 60° and separated
marker strips developed in 0.4% (w/v) ninhydrin
in acetone. The identified glycine sector was
eluted with water and an aliquot rerun in another
chromatographic system to verify that glycine was
the only amino acid present. As can be seen from
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Figure 2, possible contaminants in this system are
histidine or alanine. The solvent system, n-bnta-
nol-acetic acid-water (4:1:5 by volume) or metha-
nol-water-pyridine (20:5:1 by volume) was used to
indicate the absence of contaminant. When con-
taminant was present the glycine was re-run in
one of these systems to complete the purification.
]l'Ieasuremenf of Glycinc Activity
When the presence of only glycine was assured,
an aliquot of this amino acid was quantitated by
the ninhydrin method of Moore and Stein (13).
The remainder, usually one milligram or less, was
plated and counted on flat aluminum disks or
pans, lh" in diameter (Nuclear Chicago Corpora-
tion, Chicago, Illinois), as an infinitely thin sam-
ple in an automatic gas flow low background
counter (Model C-us Low Background Automatic
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FIG. 3. Plot of specific activity of glycine isolated from solubilized protein fractions (obtained from
psoriatic scale) after administration of 10 C glycine 1-C'4. Patient M.
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FIG. 4. Plot of specific activity of glycine isolated from solubilized protein fractions (obtained from
psoriatic scale) after administration of 10 pC glycine 1-C'4. Patient J. F.
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sample changer, Model 186 Scaler and Model C-
111B printing timer, all from Nuclear Chicago
Corporation, Chicago, Illinois). The variation of
radioactivity due to self-bsorption or uneven
drying of between 0—1 milligram glycine was found
to be less than 5% in all cases, and was therefore
left uncorrected.
RESULTS
From each of the three samples used in these
experiments nine different protein fractions have
been separated. Five of these fractions were ob-
tained from the phosphate buffer, pH 7.3, as
soluble proteins while the other four were ob-
tained from the 'solubilized proteins'. In this
work experimental data on the solubilized pro-
teins were obtained. The results obtained from a
study of the soluble proteins are published else-
where (20).
The experimental data obtained for each of
the three samples are graphically represented in
Figures 3—S wherein the glycine specific activities
are plotted against time following administration
of the glycine 1-C". The glycine isolated from the
proteins have peak activities which are different
from each otber
DIScUSSION
Although several investigators (14, 15, 16)
have solubilized and fractionated the insoluble
residue of epidermis, and wool, it has always
been of concern whether the fractions obtained
were artifacts of the solubilization method. To
obtain unaltered proteins requires that during
solubilization of the insoluble residue random
cleavage of covalent bonds does not occur and
that solubilization of the proteins present in the
insoluble residue is brought about by the dis-
ruption of hydrogen and electrostatic bonds. The
methods used in this work are believed to be
sufficiently mild, so that no random cleavage of
covalent bonds has occurred. This belief is based
on the absence of free 511 and a minimal quantity
of diffusate amino acid and peptide formed upon
solubilization. Carruthers and coworkers using
similar technics for solubilization prepared epi-
dermal protein fractions which they demonstrated
to be homogeneous by both electrophoresis and
analytical ultracentrifuge technies (16, 19).
In the three patients studied the protein
fraction 4.5 in all cases showed a peak activity
first. This would result because the fraction has
either a shorter distance to travel from the time
of incorporation to the time of desquamation, is
synthesized in cells which have a higher glycine
specific activity during synthesis, the kinetics of
synthesis are more rapid, or any combination of
these events. It would seem that fraction 5.0 and
fraction 5.5 has either the longest transit time,
cellular glyeine pools of lower specific activity at
the sites of synthesis, or slowest rates of synthesis.
If cellular pool glycine specific activities and
kinetics of synthesis were assumed to be equal
then these proteins may be assumed to be
synthesized at the levels of the epidermis lower
than the level at which the fraction 4.5 is synthe-
60
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Fin. 5. Plot of specific activity of glycine isolated from solubilized protein fractions (obtained from
psoriatie scale) after administration of 10 MC glyeine 1-C'4. Patient B. P.
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sized, perhaps the basal cell and lower Ma!-
pighian layers.
Both electron microscopic and light micro-
scopic investigations have shown that during
keratinization there is continuous change in the
cells as they ascend the epidermis. Starting at
the basal cell layer the protein synthesized then
would seem to form the first aggregate detectable,
the tonofilaments. The tonofilaments then aggre-
gate to form compact structures, tonofibrils, in
which the tonofilaments are barely discernible
(17). The transition of tonofilaments to tono-
fibrils may occur spontaneously, because of the
chemical or physical nature of the tonofilament
protein, or may be catalyzed by systems specific-
ally operative at this site.
The nature of the synthesis necessary to form
the keratohyalin "granules" in the granular layer
escapes logical hypothesis. At the level of the
granular layer nuclear degeneration occurs, fol-
lowed by a final aggregation in the stratum
corneum which occurs simultaneously with the
production of bundles of less opaque fibrils.
The view that specific peptides or proteins are
being synthesized at the different levels of the
epidermis may be correlated with the present
findings of different days of peak activity for the
solubilized protein fractions. The results obtained
in parallel studies with the soluble epidermal
proteins (20) also suggest this correlation. The
peptide or protein synthesis, occurring at all
levels of the epidermis, may contribute to and
make aggregate formation possible. The obser-
vation that aggregate formation during keratini-
zation is under continuous alteration is com-
patible with continuous peptide or protein
synthesis. Even with the assumption of equal
glycine pool specific activities, and kinetics of
synthesis, it cannot be concluded from this work
whether fraction 5.5 or fraction 5.0 is synthesized
lowest in the epidermis, or that both are continu-
ously synthesized throughout the lower epidermis.
In addition to the work of Rudall (4) already
mentioned, additional evidence that the epidermal
proteins are synthesized at different levels in the
epidermis is found in autoradiographic studies
(18). These investigators found that following the
administration of tritiated amino acids, the
amino acids were distributed and thought to be
incorporated throughout the cells of the epi-
dermis.
Further work will attempt to elucidate whether
the rates of synthesis of the solubilized fractions
are similar and to further relate these rates to
synthesis in isolated cell layers.
5UMMAEY
1. The proteins of exfoliated epidermal scales,
separated into the soluble and "solubilized"
proteins, were further fractionated to give nine
proteins.
2. The "solubilized" proteins, labelled by the
single administration of glycine 1Ci4 to patients,
appeared at the skin surface at sequential times.
In all cases studied a fraction 4.5 was the first
to show peak incorporation of radioactivity.
3. A hypothesis of sequential synthesis of
proteins in distinct cell layers of the epidermis
and the relationship between this synthesis and
the aggregation into fibrillar units is discussed.
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